Background: Gastro-oesophageal reflux has been suggested to play a role in eosinophilic oesophagitis (EoO). Oesophageal acid exposure decreases baseline intraluminal impedance, a marker of mucosal integrity, in patients with gastro-oesophageal reflux disease (GORD). Objectives: The aim of this study was to assess oesophageal baseline impedance levels in EoO patients and to investigate their relationship with oesophageal acid exposure. Methods: Ambulatory 24-h pH-impedance monitoring was performed in 11 EoO patients and in 11 healthy controls with matched oesophageal acid exposure. We assessed baseline impedance levels in the distal, mid-, and proximal oesophageal impedance channels. Results: Baseline impedance levels in EoO patients were markedly lower compared to controls in the distal oesophagus (median (interquartile range): 988 (757-1978) vs. 0.005). Whereas baseline impedance decreased from proximal to distal in healthy subjects (p ¼ 0.037), no such gradient was seen in EoO patients (p ¼ 0.123). Conclusions: Throughout the oesophagus, baseline impedance values are decreased in EoO patients, indicating impaired mucosal integrity. Our findings suggest that factors other than acid reflux are the cause of low baseline impedance in EoO.
Introduction
Eosinophilic oesophagitis (EoO) has been increasingly diagnosed over the past decade. 1 Patients with EoO most frequently report symptoms of dysphagia and/or food impaction, and sometimes heartburn. Eosinophilic infiltration of the mucosa throughout the oesophagus is a key feature of EoO. 2 A local T-helper 2 (TH2) type inflammation is present in the oesophagus of EoO patients, similar to the inflammatory pattern seen in asthma and atopic dermatitis patients. 3 EoO is therefore considered an allergic disease, and most patients indeed have an atopic constitution. 4 Gastrooesophageal reflux has also been suggested to play a role in EoO, but data is scarse. 5, 6 Only a few reports on reflux characteristics have been published in EoO patients, showing no difference in oesophageal acid exposure compared to controls. [7] [8] [9] [10] Intraluminal impedance monitoring can be used to detect gas and liquid reflux by measuring changes in electrical conductivity. 11 Between meals and reflux episodes, the impedance levels return to a baseline level. This baseline impedance level is dependent on characteristics of the collapsed oesophageal wall. It has been shown that baseline impedance levels are decreased in gastro-oesophageal reflux disease (GORD) and achalasia. 12 Distal baseline impedance values are correlated with oesophageal acid exposure in pediatric and adult GORD patients, and treatment with proton pump inhibitors (PPIs) significantly increases baseline impedance. 13, 14 A study in rabbits has shown that oesophageal impedance correlated with the transepithelial resistance measured in vitro, which is a marker of oesophageal epithelial integrity. 15 Together, these studies have led to the conclusion that oesophageal acid exposure decreases baseline impedance and that baseline impedance is a marker of oesophageal mucosal integrity. 13, 16, 17 Several authors have suggested that the oesophageal mucosal integrity is impaired in patients with EoO, in line with other allergic diseases such as atopic dermatitis and asthma. 5, 6 We hypothesized that oesophageal baseline impedance is decreased in non-treated EoO patients. Therefore, the aim of this study was to assess oesophageal baseline impedance levels in EoO patients and in controls and to investigate whether the baseline impedance levels are related to oesophageal acid exposure.
Materials and methods

Study subjects
We prospectively included 11 adult EoO patients, defined as having a history of dysphagia and/or food impaction and the presence of !15 eosinophils per high-power field, confirmed by histopathology. None of these patients showed symptomatic response to PPI treatment. PPI treatment was stopped at least 1 week before oesophageal pH-impedance measurements. Furthermore, any dietary or steroid treatments were discontinued at least 2 months prior to pH-impedance measurement. We also measured 20 healthy controls without gastrointestinal symptoms or a history of major abdominal surgery. From these 20 controls, 11 measurements were selected that could be matched to EoO patients by total acid exposure time. All study subjects filled out the reflux disease questionnaire (RDQ). 18 Written informed consent of study subjects was obtained and the study was approved by the medical ethical committee of our institution.
Oesophageal pH-impedance measurements
In EoO patients and healthy controls, pH-impedance measurements were performed off medication that could influence gastric acid secretion. Measurements were performed using a combined pH-impedance catheter assembly that consisted of six impedance segments and one ISFET pH-electrode (Unisensor AG, Attikon, Switzerland), which was placed at 5 cm from the upper border of the manometrically localized lower oesophageal sphincter. Impedance recording segments were located at 2-4, 4-6, 6-8, 8-10, 14-16, and 16-18 cm above the upper border. Impedance and pH signals were stored on a digital datalogger (Ohmega Medical Measurement Systems, Enschede, The Netherlands), using a sampling frequency of 50 Hz. Distal, mid-, and proximal oesophageal baseline impedance values were determined at 3, 9, and 17 cm above the lower oesophageal sphincter, respectively.
Data analysis
Baseline impedance levels were analysed according to previously published criteria. 13 In summary, baseline impedance levels were assessed every 2 hours during a 30-second time period. The median baseline impedance level during all 2-hour periods was considered to be the baseline impedance level for the measurement. Investigators were blinded for the subject's status while analysing the measurements. Reflux episodes were analysed according to previously published consensus criteria. 19 
Statistical analysis
Data are presented as median (interquartile range, IQR). Statistical analysis was performed using Prism software version 5 (GraphPad Software, La Jolla, CA, USA). Data of EoO patients and healthy controls were compared using the Mann-Whitney U-test. Distal and proximal baseline impedance data were compared using Wilcoxon's test for paired measurements. For correlation analysis we used Spearman's correlation statistics. Differences were considered statistically significant when p < 0.05.
Results
Subject characteristics
Eight of 11 (73%) EoO patients and all controls (100%) were male (p ¼ 0.062). In EoO patients, study procedures were performed at median (IQR) 0.7 (0.4-2.0) years after EoO diagnosis. RDQ scores showed that EoO patients perceived more heartburn (4 (2-7) vs. 0 (0-0), p < 0.001) and regurgitation (3 (0-5) vs. 0 (0-0), p ¼ 0.003) than controls. Consequently, patients had higher total RDQ scores than controls (10 (7-13) vs. 0 (0-0), p < 0.001).
Reflux characteristics
Because patients and controls were matched, upright, supine, and total acid exposure time were not van Rhijn et al.
different (Table 1) . Comparison between patients and controls showed no differences in the total number of reflux episodes, acidic reflux episodes, and weakly acidic reflux episodes. Proximally extending reflux episodes were not more common in patients than controls. Furthermore, bolus clearance time and acid clearance time did not differ between patients and controls.
Baseline impedance
Baseline impedance levels (Figures 1 and 2 Figure 3 ). In controls, however, distal baseline impedance values were significantly lower than proximal values (p ¼ 0.037).
Correlation with acid exposure
In EoO patients, distal, mid-, and proximal oesophageal baseline impedance values were not correlated with acid exposure (r ¼ 0.427, p ¼ 0.190; r ¼ 0.136, p ¼ 0.689; and r ¼ 0.027, p ¼ 0.937, respectively). In controls, we also found no correlation between baseline impedance values and acid exposure (distal r ¼ 0.214, p ¼ 0.521; midr ¼ À0.032, p ¼ 0.926; and proximal r ¼ À0.334,
Overall, baseline impedance levels were not related to the number of reflux episodes. The total number of reflux episodes was not correlated with distal oesophageal baseline impedance in EoO patients (r ¼ 0.164, p ¼ 0.634). The number of mid-oesophageal reflux episodes was also not correlated to mid-oesophageal baseline impedance in EoO patients (r ¼ 0.178, p ¼ 0.595). Furthermore, no correlation was found between the number of proximal oesophageal reflux episodes and proximal baseline impedance in EoO patients (r ¼ À0.273, p ¼ 0.418).
Discussion
This is the first study in which oesophageal baseline impedance was evaluated in EoO patients. In this study we show that baseline impedance values are lower in EoO patients than in healthy controls with a similar oesophageal acid exposure. The observed differences in baseline impedance levels are present over the entire length of the oesophagus. No proximal-to-distal oesophageal gradient in impedance values was found in EoO patients, whereas such a gradient did occur in healthy controls. It has been shown that with increasing degrees of oesophagitis (mucosal damage), GORD patients have an increasing number of reflux episodes and more acid exposure. 20 Furthermore in GORD patients, baseline impedance is correlated with oesophageal acid exposure and PPI treatment increases baseline impedance. 13, 14 In-vitro animal data have shown that baseline impedance is correlated with the transepithelial resistance of the oesophageal epithelium, which is a marker of oesophageal epithelial integrity. 15 These studies have led to the consensus that oesophageal acid exposure decreases baseline impedance and that baseline impedance is a marker of oesophageal mucosal integrity. 13, 16, 17 In some patients with typical symptoms and signs of EoO, PPI seems to reduce inflammation en symptoms, and it partially restores the mucosal integrity. 21 These patients are now diagnosed with proton pump inhibitorresponsive oesophageal eosinophilia (PPI-ROE), although differences between PPI-ROE patients and EoO patients are currently unclear. 9 Perhaps in PPI-ROE patients, gastro-oesophageal reflux does play a role, whereas in EoO this is not the case. Furthermore, recent papers have suggested that PPIs may have antiinflammatory effects besides their acid-suppressive effects. 22, 23 Response to PPI therefore does not automatically translate to presence of gastro-oesophageal reflux.
In atopic disease (e.g. asthma and atopic dermatitis), an impaired epithelial barrier function has been described. 24, 25 As in asthma and atopic dermatitis, the filaggrin gene is also a susceptibility gene in EoO, supporting the idea that impaired epithelial barrier function could play a fundamental role in EoO. [26] [27] [28] In fact, the oesophageal mucosa of EoO patients is more permeable to molecules with the size of food allergens. 21 In theory, this could enable passage of allergens through the mucosa which may cause immune activation. On the other hand, it could also very well be a result of the present T-lymphocytes and degranulating eosinophils and mast cells, causing epithelial remodelling and impaired mucosal integrity. 2 It is currently unclear whether the oesophageal mucosal integrity is impaired due to a primary increased permeability of the mucosa or due to the allergic reaction. Although our study did not aim to answer this question, we speculate that in EoO the integrity changes may be caused by the allergic inflammation with its degranulating eosinophils and mast cells. In this study, we show that it is unlikely that the oesophageal inflammation starts with gastro-oesophageal reflux causing damage to the mucosa; however, in some EoO patients, other factors such as a loss-of-function mutation in the filaggrin gene may also cause integrity changes, which may facilitate allergen permeation. Regardless of the order of events, decreased baseline impedance may reflect decreased mucosal integrity in EoO.
In theory, the differences in baseline impedance values between patients with EoO and healthy controls could be caused by increased oesophageal exposure to gastric content in patients with EoO. However, in general, EoO patients do not have more (weakly) acidic reflux episodes than controls, and in our study patients and controls were matched for acid exposure time. No correlation was found between baseline impedance and acid exposure. Furthermore, baseline impedance was not only decreased in the distal oesophagus, which is more exposed to acid, but also in the mid-oesophagus and the proximal oesophagus of EoO patients. Distal, mid-, and proximal oesophageal baseline impedance values were not correlated with the numbers of reflux episodes reaching these levels of the oesophagus. Together, our findings suggest that other factors than gastro-oesophageal reflux are more likely responsible for the decrease in baseline impedance in EoO.
Baseline impedance values should be carefully interpreted in EoO patients, since they may be influenced by other factors than oesophageal mucosal integrity alone. For instance, the presence of exudate may decrease baseline impedance values as well. It has also been suggested that baseline impedance could be decreased due to altered oesophageal motility. Obviously, oesophageal motility abnormalities have been described in EoO. 29 A study in patients with ineffective oesophageal motility showed that baseline impedance levels in patients with GORD were lower than those measured in controls. 30 In that study, however, no information was presented about oesophageal acid exposure and since impaired motility is associated with pathological acid exposure, the latter could be a more plausible explanation for the observed low impedance levels. Moreover, if ineffective oesophageal motility were present in our study patients, one would expect increased bolus clearance time and acid clearance time; however, both parameters were not increased in EoO patients in our study. Furthermore, food impaction can interfere with the pH-impedance measurement, as it causes stasis of liquid in the oesophagus, which decreases baseline impedance. To avoid misinterpretation of impedance values, symptoms of dysphagia and food impaction should be reported during the measurement and these periods should be excluded from the analysis. In our study, none of the patients reported food impaction during the pH-impedance measurement. The abovementioned limitations will not occur using Ussing chambers to measure the transepithelial resistance in vitro, since these experiments do not require contact of an electrode with the mucosa. 31 However, baseline impedance values have been shown to strongly correlate with the transepithelial resistance measured in vitro, suggesting that they reflect oesophageal mucosal integrity quite well. 15 EoO patients perceived more GORD-related symptoms than healthy controls, despite the fact that reflux parameters were not increased in EoO patients. The increased acid perception may therefore be a result of acid hypersensitivity in EoO patients, as described in a previous study. 32 Since in that study acid hypersensitivity was not correlated to increased sensitization of the central nerve system, the authors suggested that acid hypersensitivity may be related to abnormalities in the oesophageal tissue itself (e.g. mucosal integrity changes). Acid hypersensitivity in EoO patients may thus reflect decreased mucosal integrity; this could explain the presence of typical GORD-related symptoms in EoO patients.
The observed decrease in baseline impedance values may have clinical implications in the future. Baseline impedance could be a novel follow-up marker of disease activity in EoO patients. Currently, follow up of EoO patients requires frequent endoscopic evaluation, which is a costly and more invasive procedure. Further research evaluating the correlation between baseline impedance and endoscopic and histopathological signs of EoO is needed before baseline impedance can be used as a follow-up marker.
In conclusion, distal, mid-, and proximal oesophageal baseline impedance values are decreased in EoO patients and these baseline impedance values in EoO are not correlated to acid exposure. Our findings suggest that the decrease in impedance could be caused by other factors, such as impaired mucosal integrity.
